Abstract: Silacyclopentadiene derivatives form charge-transfer (CT) complexes with 7, 7, 8, . The strong CT bands were observed in the visible region. The formation constants were determined by means of visible absorption spectra and 'HNMR spectra, and are significantly large. That of the Si-unsubstituted silacyclopentadiene derivative is more pronounced.
1 Some organosilicon compounds having Si-Si bonds are known to act as efficient electron donors 2 and form charge-transfer (CT) complexes, but generally with quite small formation constants. 3 On the other hand, owing to their planar structures silacyclopentadiene derivatives are expected to form CT complexes more efficiently. We have shown that l,l-dimethyl-2,5-diphenylsilacyclopentadiene (la) functions as an effective electron donor in the photochemical addition with benzophenone and in CT complex formation with quinones. 4 We report herein the formation of CT complexes of silacyclopentadiene derivatives (la-b) la,b with 7, 7, 8, and describe their characteristics.
The silacyclopentadiene derivatives (la-b) easily form CT complexes with TCNQ in dichloromethane at room temperature, and the color of the solutions turns to dark green immediately. In visible absorption spectra, strong and broad bands were measured in the region of ca. 500-900 nm ( Fig. 1) , and the absorption maxima are at 752 nm (la-TCNQ) and 722 nm (lb-TCNQ), respectively. It is noted that the CT bands extend to the near infrared region. The appearance of the CT band in the longer wavelength region is readily accounted for by the strong electron-donating properties of la (Ε™ = 1.24 V vs. SCE) and lb (E°p x = 1.29 V vs. SCE) 5 according to Mulliken's CT theory. 6 Although the maximum of the lb-TCNQ complex is located at slightly shorter wavelength than that of the la-TCNQ complex, the intensity of the absorption of the lb-TCNQ complex is far stronger. In order to estimate the position of the equilibrium, formation constants of the CT complexes are determined by the Benesi-Hildebrand method. 7 The formation constants obtained are 1.25 M 1 (la-TCNQ) and 1.96 M" 1 (lb-TCNQ) at 20 °C, respectively and the extinction coefficients of the pure CT complexes are 700 (la-TCNQ) and 1300 (lb-TCNQ), respectively. Compared with CT complexes of σ-electron donors such as permethylated polysilanes reported to be nearly zero, 3 the formation constants of the 1-TCNQ complexes are surprisingly large. Probably, the strong interaction in the complexes is not only due to the electron-donating abilities of 1 but also due to the planarity of the donor molecules The large formation constant of the lb-TCNQ complex was also obtained by ] HNMR spectroscopy. 8 The singlet signal of TCNQ in CD 2 C1 2 (δ 7.54 ppm) shifts to upfield when lb is added to the solution. A linear relationship was obtained in the plot of 1/Δ against l/[lb], where A is the difference between the chemical shifts of the TCNQ signal before and after addition of lb. From the plot, the formation constant of the lb-TCNQ complex was determined to be 1.92 M" 1 at 23 °C, the value being in good agreement with that obtained from its visible absorption spectra. The chemical shift of TCNQ protons in pure lb-TCNQ complex was also determined to be 57.27 ppm. From these results, la-b are found to be one of the most effective organosilicon donors for the formation of CT complexes, and substitution of the methyl groups on the silicon atom with hydrogen atoms enables a better contact between the acceptor with the diene chromophore without disturbing the electron-donating properties to a considerable extent.
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